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(71) We, Brown Bovkri - Sulzer 
TURBDMACHINERY LiMHED. a Company 
orgaiiised .under Laws of Switzerland, 
of 8005 Zurich. Hardstrasse 319, Switzer- 

5 land, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, ana the method by which it is to be 
perfoimed, to be particulafly described in 
and by die following statemoit: — 

10 This invention relates to mxilti-stage radial 
flow compressors and is particulariy> al- 
though not exdusively, appicable to such 
compressors for high pressures and with 
horizontally disposed shafts. 

15 Assembling multi-stage radial flow com- 
pressors is rendered difficult because dif- 
fuser rings and stationary flow deflecting 
elements must be disposed betweea the in- 
dividual impellers. It is necessary either 

20 for unidivided diffuser rings and flow de- 
flecting elemaits to be s3id on to the shaft 
between the impelleis when these are slid 
on to the shaft or, in the case of anaEy 
divided difiuser rings -and flow deflecting 

25 elemente^ for one balf of each dffl^user xing 
and flow deflecting dement to be inserted 
from one side between two ampdiers after 
these have been slid .on to the shaft an'd 
tben. for the olhier half of-eadi dffiuser thag 

30 and flow deflecting dement to be inserted 
from the ofli^-Mde. whereupon bodi halves 
are joined to each eith^ by meam of bolts. 
Prior to insta}]»tian into the casing ^ flow 
elemoitS' disposed between the impdOlers'are 

35 supported on the rotor only by means- of. the 
seals .Between -these d^^ts and the shaft. 
An ^senrbiy^of - tfaiS'Jcind is tiien -inserted 
Into ^e casing, therC' being a risk of damag- 
ing liie seals by :engagam«at between the 

40 flow deflecting elements and the impeliers. 
Thereafter the- covers are brougjit over the 
shaft ends at ends of tho casing and are 
secur-ed fliereon. This is followed hj flie 
shaft -seal housings bekg inserted at both 

45 ends of the madiine trcmi the out&Ido'into 
recesses in: the covers. Finally, bearings 
must be. moved- over the. shaft ends at hoQi 
QUds and-mest be- mounted on- the* casing. 



Only &en will the impellers have a precisely 
defined central position within tiie flow de- 50 
fleeting elements so that the seals disposed 
therdjetwecn have no further physical con- 
tact with such elements. Hiis means that 
during the entire assembling procedure there 
is a serious risk of damage to the mechanic- 55 
ally sensitive parts of the ^seals— 4or egcample 
the labyrinth components of seak operating 
without physical contact between the rotat- 
ing and stationary parts on the shaft ends 
or between the individual stages— because 60 
they are attached to heavy components which 
have to be moved into their intended posi- 
tions in other heavy componaits only witii 
a snail amoxmt of clearance, just suflSciait 
for tiie sealing means, and without precise 65 
guiding, A partieulariy serious feature in 
such -assembly is due to the fact that tiie 
sensitive, parts, for example labyrinth seals, 
are rigidly jomed to structural contpon^ts 
having an . imK)mparably liigher wea^t than 70 
tiie scaling parts -thoBselves and also thai 
they-Me partially disposed within the casing 
nHd are therefore not racoofislble to inspect 
tion -even befoTe-instaHalion is complcfted. 

It is an object of - the iavention-to reduee 75 
the diffictilties described above and thus to 
focOitate assea^ling of the aforemeiitioned 
ratdial £bw compressors and to -shorts ^ 
-amount of time for such assocnbling opera- 
tions. According to the present invention 80 
a subk-asseosMy-for-'a multi-stage radial-flow 
compressor comprises a shaft having dm- 
peliers Biounted mereon,. a low t>ressure ^d 
cover carrying a shs^ beam^ and a-sMt 
seal, a hi^ pressure end cover tjarr^ng-a 85 
shaft bearing and-:a- Miaft seal, .and flow de- 
flecting»elemeut& between die two end covers, 
the emi covers and the - flow-d^ecting de- 
ments bdng clamped up tight - together, th^ 
reaction. to the. clamping comrpression ^eing 90 
takon-by tension in ^ ^aft -Sudi a stb- 
asembly may be produced as a <smgJo unk 
outside the machine casing— preferably Hfn^ 
the aid of . 'a jig. The -individual parts, -in 
particular * stationary and moving parts 95 
of : the.* shaft >6eals. ;aTe uxed : afid''80caR;d . in 
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tbeir rdative positions by means of the shaft. 
The sab-assembly may therefore be trans^ 
ported easily and without xisk ovex short and 
long distances, independently of the casing. 
5 The sub-assenihly may also be inserted wltli- 
oat diffieulity &om the low-pressure side into 
a pressure-v^t compressor cadn;^ construc- 
ted in cup mann«-. so that the hi^-pressure 
cover bears on an internal flange at one 

10 end of the casing while forming an auto- 
dave-t^e seal and the low-pressure cover 
bears on ibe oppositely disposed end of the 
casing- while formmg a flange seal. After 
insertion of &e sub-assembly into the casing 

15 and mounting of tiie low-pressure cover on 
the casing it is possible for the parts em- 
ployed for stressing the sub-assembly from 
. the shaft to be removed so that the machine 
may be made available for the operation for 

20 which it is mtcnded. 

To enable the stationary parts of the sub- 
assembly to be sealed in pressure-ti^^t man- 
- ner relative to the casing it is possible for 
various seals to be provided on the sub- 

25 assembly prior to the insertion thereof into 
the casing. For example the h^-pressure 
end cover may have a sealing scdkce facing 
axiaHy and away from the low-pressure 
cover and arranged to engage an inwardly 

30 directed shoulder in a compressor ring. Also 
the low-pressure cover may have a radially 
projecting flange having a sealing surface 
Mng anally and towaxds the high-pressure 
cover and aranged to engage an end sur- 

35 face on a compressor casing. In the case 
of" either of these pdrs of surfaces, one of 
the surfaces may cany a sealing ring toxon- 
tact tiie other surface of flie pair. In addi- 
tion, the outer drcumferential surface of 

40 the sub-assembly, within the length contain- 
ing tfee flow deflecting elements, may be 
formed with a seal arranged to co-operate 
with an internal surface on a compressor 
casing. 

45 Eadi of at least some of the flow-deiflect- 
ing elements niay be divided in an axial 
plane, the two halves being held together by 
bolts ractending between the two halves, the 
heads of the bolts preferably being sunk in 

50 pockets in the dements. ^ ^ ^ 

Preferably the sub-assonbly includes a 
number of diffiiser rings, each of which is 
located between two adjacent fiow-d^ect- 
ing elements. The diffuser rings may space 

55 the adjacent flow-deflecting deancnts apart 
but preferably each diffuser ring is recdved 
in a recess in a flow-d^eoCing dement. 

The fiow-d^ecting elaneirts may them- 
sdves be combined together to form one or 

60 more compound components. For example, 
at least some of the flow-deflecting elements 
inay be divided in an axial plane, the similar 
halyes of the adjacent tfow demente .being 
rigidly connected to one another 10 form 

65 two components. Tbjos, during assembly 



and after the impellers are positioned on 
the shaft, the two components constituting 
the flow-deflectii^ danents may be offered 
^^o the shaft ftom opposite sides of the 

In order to damp up the sub-assembly; 
there may be at each end of the sub- 
assembly a spacer ring positioned between 
an abutment on the shaft and the adjacent 
end cover and constructed to locate the end 75 
cover rdative to the shaft One or both 
abutments may be constituted by a not 
Uu^aded onto the shaft 

The invention may be carried into prac- 
tice in various ways but one particular °^ 
multi-stage radial flow compressor will now 
be described by way of example with refer- 
ence to the accompanying irawing whidi 
is a longitudinal section of flie compressor. 

The impellerB 2 to 7 of six successive 
comjcjessor stages are mounted on a shaft 
1. These impellers may be forced, shrunk 
or keyed on to the shaft. How deflecting 
dements 8 to 13 are disposed upstream o£ 
between and downstream <^ the mipdlers^ ^ 
each bemg centred by means of a shoulder 
14 rdative to an adiacent demotit At the 
pc^tions 15 the flow deflecting dements are 
provided with sealing dements hawng 
labyrinth ribs, each dement being located 
opposite a correspondmg seal surface of an 
impeUer^ thus sealing adjacent chambers of 
successive pressure stages. Diffuser rings 16 
are inserted in recesses in the flow deed- 
ing dements 8 to 12 to ensure low-loss con- 1^ 
version of the kinetic ^ergy into thrust 
energy. The diffuser rings and the last flow 
deflecting part 13 are provided with guide 
blading 17 which suitably controls the dr- 
cumferehtial componeat of the jkflected 
flow. Each of the deflecting dements 8 to 
13 is axiaUy divided into two segments 
which are pulled together by means of screws 
18 to form a fuB ring. The heads of the 
screws are sunk in pockets in the segments. HO 
The low-pressure cover 19 at one end re- 
ceives the stack of deflecting elements 8 to 
13 in centring means 20 and surrounds a 
shaft-seal 21, a journal bearing 22 and a 
thrust bearing 23 in a central recess. All 115 
parts inserted into the recess togedier with 
an annular cover 24 are tightened against 
the cover 19 by screw fastenings 25 and 26. 
The high-pressure cover 27 at the other end 
likewise accommodates a hi|jbi-pressure shaft 120 
seal' 28 and a journal bearmg 29 in a cen- 
tral recessw Screw fasteniog means 30 draw 
these demeQts agamst.the cover. This cover 
dso'iecdves the stack of flow deflecting 
d^ents '8 to l3 by means of » centring 125 
6urtftce*55. 

At the low pressure end of the ^ft 1 
there is one component 31 .of a shpft coiip- 
lis^ 4his component bdng secured on a 
c(mical part of flze shaft by means of a nut 130 
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screwed on to the threaded end 33 of the 
shaft There is a sinular component 32 of 
another shaft coupling screwed on the high 
pressure end the shaft by a nut screwed 
5 on the threaded end 34. The afore- 
mentioned screw-threaded ends are addition^ 
ally provided for pulling together and re- 
taming together the individual sub-assembly 
parts 2 to 13. 16, 19, 21 to 23, 24, 28 and 

10 29. To this aid sujjporting spacer rings 
35, 36 respectively are centrally momited 
on the two covers 19 and 27 and may be 
damped up by means of the nuts 37 and 
38 against the covers 19 and 27 so that the 

15 thrust beaiing unit is load-relieved and the 
cLeaxanoe 39 b^een the last flow deflecting 
dement 13 and the liigh-pressure cover 27 
disappears. It may be seen that a]l paxts 
in die sub-assembly clamped together in 

20 the manner described are positLvdy hdd 
ag^nst radial movment relative to the shaft 
uy the journal bearings 22 and 29 and by 
the centring shoulders 14 and the centring 
surfaces 20 and 55. In particular. Hie sensi- 

25 tive sealing elements 15 in the flow defl»:ting 
parts 8. to 13 arc thus prevented from bear^ 
ing on the mating surfaces of the impeHeis 
2 to 7. 

A sub-assembly clamped up in this man- 

30 ner may be transported over any distance 
without risk of damage. Moreover, 
assemUing may be perfonujed conv^iiently 
and in unrestricted conditions outside the 
casing, for example on m appropriate jig 

35 which is easily accessible from an sides so 
that the risk of damage to die seals is also 
minimised during the assembling operatioiL 

Screw-threaded rods 40 may be tightened 
during assembly of die sub-assembly for the 

40 axial retention of the flow deflecting de- 
ments 8 to 13 on die low-pressure cover 
and subsequently during operation. Also 
during the assembly operation a seal 41 
may be inserted into the first flow deflectmg 

45 dement 8, for the purpose of sealing the 
high-pressure chamber of the compressor 
rdative to die low-pressure diamber in sub- 
sequent operation. Seals may also foe fitted 
to the high-pressure cover. For example a 

50 seal 42 may be inserted into the asdal ress- 
ter surface and a seal 43 into the radial 
renter surface 46 of the bigji-pressure cover 
27. 

The damped-up sub-assembly may be in- 
55 serted into a smtable casing 44. For this 
purpose, the sub-assembly is provided on its 
ciramiference with a plurality of rollers 
45 to enable the sub-assembly to be guided 
unto the centring surface 46 is insert^ into 
60 the appropriate mating centring surface of 
the casing on the int^al wall thered. 
Finally. <£amfered zones 47 and 48 provide 
&e laist guiding action in order to finally 
guide the hi^-pressure end of the sul>- 
65 assembly into the centring surface 46 in the 



hi^-pressure end of the casing. At the 
same time a centring surface 49 guides the 
low-pressure end of the sub-asseii3)ly in the 
low-preraure end of the casing. Ilie ex- 
ternal flange on the low-pressure cover 19 70 
of the sub-assembly will tiien bear on the 
end 50 of the casing and may be tightened 
by cover screws 5L At this stage the iBgh- 
pressure cover 27 is still spaced a filigfet 
distance from an internal flmige 52 at the 75 
higji-pressure end of the casmg 44. Aft^ 
slackening the nut 38 the cover 27 may be 
pulled by means of lugs 53 against the sur- 
face 54 of the internal flange 52 on the cas- 
ing 44, this surface functioning as an auto- 80 
clave^type seat The compressor is thus 
ready for operation and the nuts 37 and 38 
as ml as the spacer rings 35 and 36 may 
be removed. 

In an alternative construction, the rods 40 85 
do not ^end through the end cover 19 but 
only connect the similar halves of the flow 
d^eoting dements 8 to 13 to produce two 
compound components. Bach of tiiese can 
be assembled away from the shaft and, after 90 
the impellers hav^ been positioned on flic 
shaf^ can be moved towards the shaft in 
a direction radial of the shaft. 

WHAT WE CLAIM IS:— 

1. A sub-assembly for a multi-stage 95 
radial-flow compressor comprising a ^aft 
having impellers mounted thereon> a low 
pressure end cover carrying a shaft bearing 
and a shaft seal, a hi^-pressure end cover 
carrying a shaft beanng and a shaft seal, 100 
and flow deflecting d^ents between the 
two end covers, die end covers and the 
flow-deflecting ' dements being clamped up 
tight together, the reaction to the damping 
compression bang takm by tension in the 105 
shaft. 

2. A sub-assembly as claimed in Claim 1 
in which the high-pressure end cover ha& 
a sealing surface &cmg axially and away 
from the low pressure cover and arranged 110 
to engage an inwardly directed shoulder in 

a compressor casmg. 

3. A sub-assembly as claimed in Qaim 
2 in which the sealing surface on the high- 
pressure end cover carries a sealing ring. 115 

4. A sulvassembly as dumed in Oaim 
1 or Qaim 2 or Claim 3 in which the low- 
pressure cover has a radially projecting 
flange having a sealing surface facmg adally 
and towards the hi^-pressure cover and 120 
arranged to engage an end surface of a 
compressor casing. 

5. A sub-assembly as claimed In any of 
the preceding claims in which the mgh- 
pressure cover has an outwardly facing dr- 125 
cumf erential sealing snr&ce arrange to seal 
with an inwardly mdng drcomf erential sur- 
face of a compressor casing. 

6. A sub-assembly as clahned in any of 
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the preceding claims m whick tibje outer <rir- 
cmnferentidl surface of the suh-assembly, 
wMim the length containing the flow deflect- 
ing dements, is formed wxm a aeal arranged 
5 to co-operate with an internal auface of a 
compressor casing. 

7. A sub-assembly a» claimed m any of 
the preceding claims in which cadi of at 
least some of lie flow-deflecting elements 

10 ia divided in an a^dal plane* the two halves 
b"cing helii together by bolts extending be- 
tween the two halveSw 

8. A sub-assembly as claimed in any of 
Ui^. preceding claims which includes a num- 

15 ber of diffuse ring;? each of which is located 
b^een two adjacent flow deeding ele>. 
in^ts.. 

9. A sub-assemb^ as claimed in Claim 
8 in whidi tiiere is a diffiiser ring between 

20 each adjacent pmr of flow deflecting de- 
ments. 

10. A sub-assemblv as claimed -in Qaim 
8 or Qaim 9 in whidi each diffoser ring is 
received in a recess in a flow deflecting 

25 elonent ^ . . ^ * 

11. A sub-assemhly as daimed in any 
of the precedii^ claims in whidi at least 
parts of some of the flow deflecting ele- 
ments are rigidly connected to one another 

30 to form a sin^e componqit ^ 

12. A sub^assembly as claimed m Clajm 
• 11 m which at least some of the flow de- 



flecting elements are fivided in aa axial 
plane and the snnilar halves of the adjacent 
flow-deflecting elements are ri^y conneo- 35 
ted to one another to form two compo- 
n^ts. 

13. A sub-assembly as dahned m any 
of the preceding claims which includes, at 
each end of the sub-assembly, a spacer mg 40 
positioned between an abutment on the shaft 
and the adjacent end cover and constructed 

to locate the aad corver rclathre to the shaft 

14. A sub-assembly as claimed m Oaim 

13 in which, at least at one cod. the abut- 45 
ment is constituted by a nut threaded on 
to tiie shaft 

15. A multi-st^ radial flow compressor 
comprising a sub-assembly a$ darned an 
any of the preceding claims in combination 50 
with a compressor casing constructed to 
receive the snb-assembly. 

16. A sub-assembly for a multi-stage 
radial flow compressor scbstandally as des- 
cribed herein with r^erence to the accom- 55 
panpag drawing. 

17. A multi-stage radial-flow compressor 
comprising a sub-assembly and a casing, 
both substantially as described heroin with 
rrferrace to the accompanying drawing. oO 

KILBURN & STRODE, 
Chartered Patent Agents. 
Ag^ts for the Applicants. 
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